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Abstract 
Previous research indicates that genetic factors largely account for the stability of callous-
unemotional (CU) traits in adolescence. However, the genetic-environmental aetiology of the 
development of CU traits has not been extensively investigated in childhood, despite work 
showing the reliable measurement and stability of CU traits from a young age. The aim of this 
study was to investigate the temporal pattern of genetic and environmental aetiology of CU traits 
across primary school, from school entry (7 years) to middle (9 and 10 years) and late childhood 
(12 years). Data were collected in a population sample of twins composed of 662 twin pairs 
(Quebec Newborn Twin Study). CU traits were reported by teachers and analyzed using a 
biometric latent growth curve model and a Cholesky decomposition model. Latent growth curve 
analyses revealed that genetic factors explain most of the variance in the intercept of CU traits. 
Individual differences in change over time were not significant. The Cholesky model revealed 
that genetic factors at 7 years had enduring contributions to CU traits at 9, 10 and 12 years. New, 
modest genetic contributions appeared at 9 and 10 years. Non-shared environmental 
contributions were generally age-specific. No shared environmental contributions were detected. 
In sum, both modeling approaches showed that genetic factors underlie CU traits during 
childhood. Initial and new genetic contributions arise during this period. Environments have 
substantial contributions, over and above genetic factors. Future research should investigate the 
source of genetic risk associated with CU traits. 
Keywords: Callous-unemotional traits, Genetic-environmental aetiology, Cholesky 
decomposition, Linear latent growth curve model, Twin studies. 
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General scientific summary 
 Early genetic factors account for a substantial part of CU traits’ development in school-
age childhood, but new genetic factors emerge later during this period. Environmental 
factors also have contributions, over and above genetic factors. 
 There is a need to understand the nature of genetic risk associated with CU traits, 
especially with regard to how genetic factors vary over time. 
 Late interventions aiming to reduce CU traits could be effective as targeting the right risk 
factors at the right time is critical. 
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Introduction 
Callous-unemotional (CU) traits are defined by a lack of empathy and guilt, as well as 
superficial affect (Frick, 2009). These features are at the affective core of adult psychopathy 
(Cleckley, 1976) and have been used to extend this construct to youths. There is substantial 
evidence highlighting the role of CU traits in the developmental course of severe antisocial 
behavior (Frick, Ray, Thornton, & Kahn, 2014). Indeed, early elevated CU traits are associated 
with severe, aggressive, stable and recalcitrant patterns of conduct problems (Christian, Frick, 
Hill, Tyler & Frazer, 1997; Frick, Cornell, Barry & Dane, 2003a; Frick et al., 2003b, Frick, 
Stickle, Dandreaux, Farrell & Kimonis, 2005; Vincent, Vitacco, Grisso & Corrado, 2003; Frick 
& Dickens, 2006), and involve a heightened risk for adult psychopathy (Barry et al., 2000; 
Loney, Taylor, Butler & Iacono, 2007). For these reasons, clarifying the aetiological factors 
underlying the development of these traits is warranted. 
In this regard, twin studies are informative. They allow for statistically disentangling 
sources of variance attributable to genetic and environmental factors. Past twin reports have 
shown moderate to strong genetic contributions (i.e., heritability) to youths’ CU traits (43–70%; 
see Viding & McCrory, 2012). There is increasing consensus that genetic vulnerability for CU 
traits predisposes to a neurocognitive profile characterised by diminished responsivity to other 
people’s emotions, including their distress (Viding & McCrory, 2015). In turn, this disposition 
possibly accounts for stable and enduring deficits in empathy and normative guilt (e.g., Blair, 
2015; Frick et al., 2014). 
While CU traits have been posited as reflecting a stable temperamental feature, to our 
knowledge only four twin studies have directly investigated the genetic-environmental aetiology 
of the stability of these traits. These studies have found that genetic factors play an important 
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role in the stability of CU traits in preschool and adolescence. Blonigen, Hicks, Krueger, Patrick 
and Iacono (2006) have reported that 58% of the stability in CU traits between 17 and 24 years 
was attributable to common genetic variance between the two time points. Forsman, 
Lichtenstein, Andershed and Larsson (2008) found that the genetic correlation between CU traits 
at 16 and 19 years was .82. In preschool children, a genetic correlation of .65 was found between 
CU traits at 2 and 3 years (Flom & Saudino, 2016). Lastly, using a trajectory approach, another 
study found that, in boys, membership in all trajectories of CU traits – stable-high, increasing, 
decreasing, and stable-low – is strongly heritable, although in girls shared environmental factors 
were more important for determining membership in the stable-high trajectory (Fontaine, 
Rijsdijk, McCrory & Viding, 2010). 
Current research is thus convergent, but not without limitations. First, all of the above-
mentioned studies have used the same rater to assess CU traits at each wave, thus enhancing the 
prospect of inflated correlations through shared method variance. In the present study, we used 
independent raters across waves in order to reduce the prospect of shared method variance. 
Second, these studies did not extensively cover childhood. Indeed, two of them (Blonigen et al., 
2006; Forsman et al., 2008) have looked at CU traits between mid-adolescence and early 
adulthood. Yet, initial signs of CU traits can be reliably assessed at the age when children 
transition to school (4–7 years; e.g., Kimonis et al., 2016), a period that coincides with new 
stressors and exposition to peers that may influence the expression of genetic (or environmental) 
vulnerability for CU traits. Past research also indicates that CU traits in childhood robustly 
predict antisocial and criminal behavior in adulthood, even after controlling for severity and age 
of onset of conduct problems (McMahon, Witkiewitz, & Kotler, 2010). Moreover, longitudinal 
studies indicate that CU traits are as phenotypically stable as other youth disorders from 12-13 
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years onwards (Loeber, Pardini, Stouthamer-Loeber, Hipwell & Sembower. 2009; Lynam, Caspi, 
Moffitt, Loeber & Stouthamer-Loeber, 2007). The aforementioned Fontaine et al.’s study (2010) 
investigated childhood trajectories of CU traits from 7 to 12 years, but did not document the 
extent to which specific time-point measures have a shared aetiology. Finally, one study focused 
on preschool (Flom & Saudino, 2016). The transition into late childhood however seems 
important for CU traits as they are subject to change during this period (Baskin-Sommers, 
Waller, Fish & Hyde, 2015; Fanti, Colins, Andershed & Sikki, 2016; Fontaine et al., 2010). 
There is thus a gap in the knowledge about the aetiology of the development of CU traits for the 
childhood period starting with school entry. 
The goal of the present study was to examine the genetic and environmental sources of 
individual differences in the development of CU traits between school entry and late childhood 
(i.e., 7, 9, 10 and 12 years). When examining the genetic-environmental underpinnings of 
stability and change in a heritable phenotype such as CU traits, several non-mutually exclusive 
patterns can be revealed. For instance, a genetic set-point model (Lacourse et al., 2014) would be 
supported if a single set of early-emerging genetic factors accounts for the level of CU traits over 
time. Genetic continuity across this period might be expected as CU traits tend to emerge in early 
childhood (Kimonis et al., 2016), and are phenotypically stable (Loeber et al., 2009). Many twin 
studies have indeed found that genetic factors substantially contribute to the stability of 
behaviors associated with CU traits (e.g., Burt, McGue, Carter, & Iacono, 2007; Lacourse et al., 
2014; Petitclerc, Boivin, Dionne, Pérusse & Tremblay, 2011). In these studies, environmental 
contributions tend to be age-specific and to account for within-family differences, rather than 
similarities. 
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While the stability could be driven by early genetic factors, new genetic factors may also 
emerge across childhood. These effects could be wave-specific or enduring over time, which 
would be in line with a genetic maturation model (Lacourse et al., 2014). Similar processes can 
also occur for environmental effects. Trajectory analysis has also shown that, at least for a subset 
of children, CU traits are not stable across childhood, increasing or decreasing between the ages 
of 7 and 12 (Fontaine et al., 2010). Thus, specific genetic contributions could emerge later in 
childhood, as risk genes for CU traits may be expressed in response to several stressors such as 
increasing exposure to deviant peers (Kimonis, Frick, & Barry, 2004) or the onset of puberty. It 
is also possible that certain genetic effects come ‘on line’ at a later point because of biologically 
driven developmental cascades (see Pingault, Rijsdijk, Zheng, Plomin, & Viding, 2015). 
In the present study, two complementary approaches were used to more fully document 
the nature of genetic-environmental contributions to CU traits. First, the aetiological factors 
underlying the systematic stability (i.e., intercept) and change (i.e., slope) in CU traits throughout 
childhood were estimated through a biometric latent growth curve model. This highly flexible 
approach focuses on between-person differences in within-person change, and derives latent 
estimates based on all the longitudinal data available (McArdle & Epstein, 1987). In latent 
growth curve modelling, a heritable component to the intercept implies genetic contributions to 
thein systematic stability of CU traits. Heritability of the slope implies genetic contributions to 
the variability of linear patterns of change in CU traits. In other words, this analysis enables us to 
assess the degree to which individual differences in the systematic stability and change of CU 
traits are due to genetic (or environmental) factors. A genetic set point hypothesis is supported 
when a strong genetic contribution to the intercept is found, along with a weak genetic 
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contribution to the slope and/or residuals. Alternately, a strong genetic contribution to the slope, 
and/or age-specific genetic residuals would support a genetic maturation model. 
This general approach was followed by a more in-depth approach, the Cholesky 
decomposition, based on a time-specific analysis of the genetic and environmental contributions 
to stability and change in CU traits. This will allow documenting the extent to which initial 
genetic and environmental contributions persist over time (i.e., genetic set-point model), and 
whether and when new factors emerge to explain these differences over time (i.e., genetic 
maturation model). This approach more precisely documents the timing and dynamic of the 
genetic and environmental underpinnings of CU traits over time.  
 
Methods 
Participants. Participants were part of an ongoing longitudinal study of a population-
based sample of twins from greater Montreal, Canada (Quebec Newborn Twin Study [QNTS]) 
who were recruited at birth between November 1995 and July 1998 (N = 662 twin pairs; Boivin 
et al., 2013a). Zygosity of twin pairs was assessed through detailed ratings at 20 months 
(Goldsmith, 1991) and confirmed in 96% by genotyping (Forget-Dubois et al., 2003). Parental 
consent was obtained for all participating families, as well as teacher consent for those who rated 
CU traits. Titular teachers rated the participating twins’ behaviors. Data collections took place in 
the spring of the school year to ensure that teachers were well acquainted with the twins. At each 
wave, most twins of the same family did not share classrooms (76% were in different classroom 
at both ages 7 years and 9 years, 70% at 10 years, and 60% at 12 years). More details on the 
sample are provided in the Other Supplementary Material. The number of twins varied across the 
four CU waves (7 years – MZ = 184, DZ = 244; 9 years – MZ = 166, DZ = 227; 10 years – MZ 
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= 168, DZ = 233; 12 Years – MZ = 136, DZ = 205). Opposite-sex DZ twins were included in our 
analyses to maximize power. 
Measurement of callous-unemotional traits. CU traits were measured at 7, 9, 10 and 12 
years via five teacher-rated items. These items were assessed on a 3-point Likert scale (0 = 
never; 1 = sometimes; 2 = often or always). Items were selected on the basis of their relevance to 
the CU construct in previously validated measures. Three of the selected items were featured in 
the Inventory of Callous-Unemotional Traits (Frick, 2003): “he/she did not seem guilty after 
misbehaving”, “his/her emotions appeared superficial”, “he/she has been insensitive of other 
people’s feelings”. Two others were taken from the Antisocial Process Screening Device (APSD; 
Frick & Hare, 2001): “he/she did not keep promises”, “he/she used or conned others”. 
Confirmatory factor analyses supported a one-factor structure metrically and structurally 
invariant over time (see Other Supplementary Material). Mean scores were thus computed by 
averaging the items, with a high mean score indicating high levels of CU traits. Internal 
consistencies, based on one twin per pair, were acceptable (α = .73–.76). The resulting scales 
showed expected associations with relevant criteria (see Other Supplementary Material). 
Statistical analysis. 
Phenotypic analyses. Stability of CU traits was estimated with Pearson’s correlations (p 
˂ .05), and we tested a latent growth curve model to extract, from the four CU waves, the 
intercept and the linear slope in CU traits. Slope factor loadings were fixed to 0 for the first 
wave, and to 1, 1.5 and 2.5 for the second, third and fourth waves, reflecting time in years. 
Intercept factor loadings were fixed to 1; equivalent loadings for all waves indicate that the 
intercept is a common factor, thus capturing systematic stability over time. Residuals were also 
estimated at each wave and were allowed to covary between MZ and DZ pairs. 
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Genetic analyses. The twin design is based on the comparison of similarities between MZ 
twins, who share 100% of their genes, and DZ twins, who share on average 50% of their genes, 
on a given phenotype. Assuming children in a family are exposed to a similar environment 
regardless of zygosity, heritability (i.e., genetic contributions) is indicated when MZ twins are 
significantly more similar than DZ twins. Equivalent similarity across MZ and DZ twins 
indicates shared environmental variance. At a univariate level, the twin procedure allows for 
disentangling the variance into three sources: additive genetic (A), shared environmental (C) and 
non-shared environmental (E). Controlling for genetic factors, shared environment reflects 
similarities between twins of the same family, whereas non-shared environment signals 
differences between them. Measurement error is also comprised in the non-shared environment 
parameter. At the multivariate level, the variances and covariances between phenotypes are 
decomposed into their additive genetic, shared environment, and non-shared environment 
factors. This provides an estimation of the relative contribution of genetic and environmental 
factors to the associations between these constructs (Plomin, DeFries, Knopik, & Neiderhiser, 
2013). 
In the present study, we tested univariate and multivariate ACE models of CU traits at 7, 
9, 10 and 12 years. Univariate models gave preliminary estimates of genetic-environmental 
contributions on the individual CU measures. Multivariate models were then carried out in order 
to investigate the aetiology of the development of CU traits over this period. The first 
multivariate model was a latent growth curve model delineating two latent factors: the intercept, 
referring to systematic stability in CU traits, and the slope, representing the rate of increase or 
decrease with age. This model also includes the covariance between the intercept and the slope. 
The genetic and environmental sources of variance of each wave-specific residual were also 
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decomposed. Then, we used a  Cholesky decomposition model of the phenotypic variance at all 
four waves. This model specifies genetic-environmental sources of variance that are time-
specific and/or shared between the waves (for more details on this model, see the Results 
section).  
The Statistical Package for the Social Sciences (SPSS Version 20.0, IBM Corp, 2011) 
was used to compute descriptive statistics and Pearson’s correlations. Intraclass correlations, 
latent growth curve analysis and twin modelling were performed using Mplus (Version 8; 
Muthén & Muthén, 1998-2017). As expected, all CU scores were skewed to the ‘never’ end (see 
Table 1). We thus used a robust maximum likelihood estimator (MLR) to allow the use of all 
available data while remaining robust to non-normality. Model fit was assessed using the scaled 
likelihood-ratio tests, Akaike’s Information Criterion (AIC), the Bayesian Information Criterion 
(BIC), the Comparative Fit Index (CFI) and the Root Mean Square Error of Approximation 
(RMSEA). The scaled likelihood-ratio test, the AIC and the BIC indicate relative fit (Akaike, 
1987). The CFI indicates absolute fit (≥ .95; Hu & Bentler, 1999), as the RMSEA, which is 
unaffected by the model size (≤ .06; Hu & Bentler, 1999). For all genetic models, statistical 
significance was determined at 95% confidence intervals. Biometric models were conducted on 
age- and sex-regressed CU scores to remove any similarity between twins by virtue of being the 
same age and same sex, which may affect the results as opposite-sex DZ twins were included. 
Results 
Phenotypic analyses. Table 1 displays the descriptive statistics and number of 
participants at each wave. The mean values (i.e., .24, .27, .25, .23) suggest no significant change 
on average level of CU traits between 7 and 12 years. The correlation was .39 (p ˂ .001) between 
the first and second waves, .50 (p ˂ .001) between the second and third waves and .42 (p ˂ .001) 
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between the third and fourth waves. The correlation was .37 (p ˂ .001) between the first and third 
waves, .27 (p ˂ .001) between the first and the fourth waves and .35 (p ˂ .001 between the 
second and the fourth waves. Intra-class correlations were greater for the MZ than the DZ pairs 
at each wave, suggesting significant heritability: 7 years – ICCmz = .46, ICCdz = .23; 9 years – 
ICCmz = .59, ICCdz = .30; 10 years – ICCmz = .39, ICCdz = .20; 12 years – ICCmz = .48, ICCdz = 
.31. Stability coefficients tended to be similar in MZ (r = .48–.50) vs. DZ twins (r = .32–.50). 
(Insert Table 1 here) 
In the linear latent growth curve model, the intercept mean differed significantly from 
zero (I = .27, 95% CI = .24–.30), but not the slope mean (S = .00, 95% CI = -.01–.02). The 
intercept variance differed significantly from zero (σi
2 = .05, 95% CI = .03–.08), but not the 
slope variance (σs
2 = .00, 95% CI = -.00–.00). The intercept and the rate of change were 
unrelated (-.01, 95% CI = -.01–.01). 
Genetic analyses. Full and nested univariate ACE models were tested on the CU scores 
(see Table 2). All four models indicated significant heritability of CU traits. The best-fitting 
model for all four waves was an ‘AE’ model, where both genetic and non-shared environmental 
factors accounted for individual differences. Fixing ‘C’ components to zero resulted in better-
fitting models. 
(Insert Table 2 here) 
Both latent growth curve and the Cholesky decomposition models fit the data well (see 
Table 3). Results from the latent growth curve model are presented in Table 4. The genetic-
environmental aetiology of both latent factors and wave-specific residuals of the latent growth 
curve model was assessed (see Figure 1). Contrary to the Cholesky decomposition, we initially 
retained all ‘C’ components as the inclusion of latent factors in the model may affect the partition 
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of variance among the ‘A’, ‘C’ and ‘E’ components (e.g., lower ‘E’ was expected as latent 
factors include less error than observed variables). In the final model, several parameters were 
fixed to 0 because they were not statistically significant (see Table 4). 
 (Insert Table 3 here) 
(Insert Table 4 here) 
(Insert Figure 1 here) 
Individual differences in the intercept were largely explained by genetic factors (89%; see 
Table 4). Other sources of variance – i.e., shared (6%) and non-shared environment (5%) did not 
contribute significantly. Parameters related to rate of change are not interpreted considering the 
absence of phenotypic change. The latent factors explained 42, 47, 51 and 61% of the variance at 
grades 1, 3, 4 and 6, respectively. In grade 1, 38% of total variance was explained by genetic 
factors accounted by the intercept; in grade 3, it was 37%; in grade 4, 36%, and in grade 6, 32% 
(not shown in Table 4). Wave-specific residuals were mostly accounted for by non-shared 
environment and, to some extent, genetic factors. There was no shared aetiology between the 
intercept and the slope, which was expected given their absence of phenotypic association. We 
then tested the Cholesky decomposition of the four CU waves (see Table 5, as well as eTable4 
and eFigure1 in the Other Supplementary Material). This model included: 1) genetic variance at 
9 years shared with the 7-year wave (under the A1 column); 2) genetic variance at 10 years 
shared with the 7- (A1 column) and 9-year waves (A2 column); 3) genetic variance at 12 years 
shared with the 7- (A1 column), 9- (A2 column) and 10-year waves (A3 column); and finally 4) 
genetic variance unique to 9 (A2 column), 10 (A3 column) and 12 years (A4 column), 
respectively.. Similar decompositions are presented for the non-shared environmental 
components.  
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This analysis revealed a significant extension over time of initial genetic contributions: 
49% of the genetic variance of CU traits at 9 years was shared with CU traits at 7 years; the 
remaining 51% of its genetic variance was independent. Similarly, 10-year CU traits shared 68% 
of their genetic variance with 7-year traits, with the remaining genetic variance either shared 
with 9-year CU traits (12%) or independent (19%). The 12-year CU traits shared 23% of their 
genetic variance with 7-year CU traits, and 27% with the 9-year CU traits, with the remaining 
variance either shared with 10-year CU traits (27%) or independent (25%). Significant time-
specific genetic variance was observed at 9 and 10 years. Non-shared environmental variance 
was entirely time-specific. Overall, the associations between the CU waves were mainly 
accounted for by genetic factors occurring at 7 years. However, new genetic factors also emerged 
at ages 9 and 10 years; some of the 9-year genetic factors persisted until age 12 years. 
We also carried out the biometric models using a Full Information Maximum Likelihood 
estimator and log-transformed CU variables and found similar results, with the exception of a 
slightly higher shared environment parameter on the intercept (data not shown). 
(Insert Table 5 here) 
 
Discussion 
The aim of the present study was to investigate the genetic and environmental aetiology 
of CU traits from 7 to 12 years of age. To that end, we combined results from two multivariate 
genetic models, one examining general developmental trends in CU traits (i.e., biometric latent 
growth curve model), the other providing a time-specific analysis of the genetic-environmental 
aetiology of CU traits (i.e., Cholesky decompositions). The phenotypic analyses first revealed no 
general change in CU traits between 7 and 12 years. Genetic modelling revealed that both early 
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and new genetic factors were important in accounting for the development of CU traits during 
this period. Indeed, latent growth curve analyses showed that individual differences in systematic 
stability (i.e., intercept) of CU traits (7 years) were mainly accounted for by genetic factors. 
Genetic contributions to age-specific residuals were also observed. In line with these results, 
Cholesky decompositions showed that genetic contributions to CU traits at 7 years persisted 
through to 12 years, and that new genetic contributions also occurred at 9 and 10 years, with 
genetic contributions at 9 years enduring through to 12 years. Non-shared environmental 
contributions were significant at each wave, but essentially age-specific. We discuss each result 
in more detail. 
Phenotypic results. The moderate stability of individual differences in CU traits is in line 
with results from previous studies on these traits during school-age childhood (Barker & Salekin, 
2012; Barry, Barry, Deming & Lochman, 2008; Pardini, Lochman & Powell, 2007; van 
Baardewijk, Vermeiren, Stegge & Doreleijers, 2011). These stability estimates are remarkable 
considering distinct teachers rated CU traits at each wave. 
Moreover, we found that individual differences in the intercept of CU traits were 
substantial, which is consistent with previous research documenting reliable signs of CU traits as 
early as in the preschool years (e.g., Kimonis et al., 2016). However, no change pattern was 
found in CU traits between 7 and 12 years. It may appear that this last finding contradicts 
Fontaine et al. (2010), who reported both increasing and decreasing trajectories of CU traits 
during this age period. However, the analytic approach used by Fontaine et al. (2010) focused on 
individual trajectories, whereas the present ones refer to the sample mean level of CU traits over 
time. Therefore, the current results do not necessarily suggest the absence of change in 
 LONGITUDINAL TWIN CALLOUS-UNEMOTIONAL, 17 
 
subgroups of children; they only indicate that there may not be a general trend of change in CU 
traits during this period. 
Aetiological results. In both multivariate genetic models, genetic factors were the main 
source of variance in CU traits, a finding consistent with previous research (Viding & McCrory, 
2012). The present study also provided a more detailed evaluation of how these contributions 
unfold over time. Indeed, the results of genetic modelling provided some support for both the 
genetic set point and the genetic maturation hypotheses. Genetic factors largely explained 
individual differences in the intercept of CU traits, and the Cholesky decompositions confirmed 
the predominant role of genetic factors as substantial genetic variance was found at all 
developmental time-points.  
The latent growth curve model highlighted strong genetic contributions to the intercept, 
which is an estimation of systematic stability of CU traits. Moreover, the Cholesky 
decomposition indicated that the genetic factors initially associated with CU traits at 7 years 
accounted for a substantial proportion of later CU traits, and to a comparable extent to what was 
found in studies conducted on preschoolers (Flom & Saudino, 2016) and adolescents (Blonigen 
et al., 2006; Forsman et al., 2008). These results supported the genetic set point hypothesis Yet, 
the Cholesky decomposition revealed new genetic contributions at 9 and 10 years, with some 
genetic factors at 9 years enduring through to 12 years; this directly points to the genetic 
maturation hypothesis. Other results from the latent growth curve model are consistent with the 
Cholesky results by suggesting that new genetic contributions emerge after 7 years. Indeed, 
significant genetic contributions were found on the CU residuals at 9 years, indicating that some 
genetic processes occurring at this age were not accounted for by the intercept. In brief, although 
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initial genetic factors largely explained developmental trends in CU traits, other classes of 
genetic factors also seemed to be involved throughout childhood. 
The finding of a persistent genetic vulnerability apparent as early as age 7 and likely 
emerging during the preschool years supports the current state of knowledge. Indeed, recent 
reports have shown that CU traits can be reliably assessed during preschool (Kimonis et al., 
2016) and are heritable by age 5 (Tuvblad, Fanti, Andershed, Colins & Larsson, 2016). However, 
our results also suggest that new, distinct genetic contributions emerge later during childhood. 
These new genetic contributions could be accounted for by several processes. 
For instance, complex transactions between genetic vulnerability and putative 
environments playing a role in CU traits at these ages could occur. Peer socialization is 
increasingly prominent as children enter adolescence, and deviant peer affiliation is known to be 
robustly associated with CU traits (e.g., Kimonis et al., 2004). Therefore, the emergence of new 
genetic contributions could reflect increasing exposure to deviant peers activating genes involved 
in the development of CU traits (i.e., gene-environment interaction; Brendgen, Ouellet-Morin, & 
Boivin [in press]). As parental supervision decreases in the wake of adolescence, this could also 
mean that peer and family factors do not activate the same classes of genes related to CU traits. 
Children at genetic risk for CU traits could also elicit specific reactions from their peer 
environment; these reactions, such as bullying and victimization, could in turn consolidate the 
development of CU traits (i.e., evocative gene-environment correlation; see Boivin et al., 2013b). 
These children may also structure their peer environments – i.e., select deviant peers and groups 
– as a function of their genetic features (i.e., active gene-environment correlation), and may be 
more likely to do so after 7 years. 
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Moreover, distinct classes of risk genes could be expressed later in development. In this 
regard, our current knowledge of the genomic underpinnings of CU traits is limited. Several 
genes have been linked to CU traits (e.g., Beitchman et al., 2012; Fowler et al., 2009), but none 
of their variants has been implicated in genome-wide analyses of CU traits (Viding et al., 2010, 
2013). A more profitable avenue in the short-term would be to examine how genetic factors 
manifest more directly through cognitive-affective endophenotypes, such as atypical affective 
processing (see Viding & McCrory, 2015), with particular attention to how these 
endophenotypes’ contributions to CU traits vary in earlier vs. later childhood. 
In the Cholesky decomposition, non-shared environmental factors consistently accounted 
for variance in CU traits, over and above the multi-faceted genetic contributions. This is in line 
with past research on CU traits (see Viding & McCrory, 2012) which suggested that non-shared 
environment generally accounts for individual differences unaccounted for by genetic factors. 
However, these non-shared environmental sources of variance were entirely age-specific. It is 
also noteworthy that non-shared environmental contributions were weaker in the latent growth 
curve model than in the Cholesky decomposition. The use of latent factors in the growth curve 
model may have reduced measurement error, enabling a more accurate account of the 
contribution of non-shared environmental factors, as well as a more reliable detection of the 
genetic component. Taken together, these results suggest that non-shared environment does 
contribute to the development of CU traits, but some of its contributions may reflect 
measurement error. In support of this idea, one previous study failed to demonstrate a non-shared 
environmental effect of negative parental discipline on CU traits between ages 7 and 12, 
although this effect was demonstrated for conduct problems (Viding, Fontaine, Oliver, & 
Plomin, 2009). 
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Past reports have found non-shared environmental factors to substantially account for 
stability of CU traits between mid- and late adolescence (Blonigen et al., 2006; Forsman et al., 
2008). As stated earlier, peer experiences become increasingly predominant during adolescence. 
It is possible that the non-shared environments susceptible to affect CU traits at 12 years are 
more likely to be peer-related (e.g., deviant peers), while such experiences affecting CU traits in 
earlier years could mainly lie in the caregiving environment (e.g., child-specific parenting other 
than negative discipline). Non-shared environmental contributions should however be more 
similar between CU measures throughout adolescence, when the developmental role of peer 
experiences peaks. Moreover, past studies on adolescents have relied on the same informant, i.e., 
self-report, to assess CU traits at multiple ages; this may have artificially inflated non-shared 
environmental associations through common measurement error. 
Strengths and limitations. The present study has a particular strength in relying on 
independent raters to assess CU traits at each age, thereby reducing the prospect of shared 
method variance. Different teachers provided the data at each wave, and there were also 
substantial within-pair differences in raters as most twins did not share classrooms. The study 
also made a significant contribution by focusing on putative critical periods for the development 
of CU traits. However, several limitations should be noted. First, we did not find any phenotypic 
variance around the rate of change of CU traits; therefore, we were limited in the exploration of 
its aetiology.. This may in part be due to suboptimal sensitivity of our CU measure, on account 
of its limited number of items (five) and narrow distribution (three levels).These limitations of 
our CU scales, as well as their non-normal distributions, could also have increased measurement 
error and led to an under-estimation of stability of CU traits. Past studies have indeed found 
slightly higher CU stabilities for a similar period with more detailed teacher assessments (e.g., 
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Barry et al., 2008; Pardini et al., 2007). Limited availability of relevant items was a practical 
challenge that could not be bypassed. Fortunately, the use of a robust maximum likelihood 
estimator in twin modelling mitigated the effect of the univariate non-normalities. It is 
nevertheless common in population-based samples to have non-normal distributions (mainly due 
to low endorsement) for psychopathological constructs. Also, despite the limitations inherent to 
short and non-normal scales, several statistics were indicative of limited measurement error. For 
instance, the internal consistencies were acceptable and similar or better than those reported in 
past studies (Blonigen et al., 2006; Flom & Saudino, 2016; Forsman et al., 2008). Moreover, the 
‘E’ parameters (which includes measurement error) in the ACE models were comparable to 
those obtained in past twin studies which used more detailed assessments of CU traits (Viding & 
McCrory, 2012). It should however be noted that our specific pool of CU items has not had not 
been previously tested for its validity. The Other Supplementary Material presents evidence for 
its unidimensionality, temporal invariance over childhood and convergent validity, but our 
results will still need to be replicated. 
Conclusion. Our findings show that genetic vulnerability for CU traits likely emerges 
early in development, and that some of it persists at least until late childhood. This highlights the 
importance of the preschool period for screening and prevention of CU traits. CU traits also 
involve some distinct genetic and environmental influences depending on the period of interest. 
This indicates that prevention and intervention may need to be targeted at multiple time points to 
counter risk trajectories. Further research should focus on the actual differences between 7-, 9-, 
10- and 12-year CU traits with regard to individual and social correlates. This has the potential to 
inform theoretical models in a way that helps identify multiple sensitive periods for the 
development of CU traits. The present data suggest that partly distinct individual and social 
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factors exert their influence on the development of CU traits depending on the child’s age (e.g., 
parenting in early childhood, peer relations in later childhood); targeting the right factors at the 
right time is no doubt critical for the success of interventions. It is also important to conduct 
more research to understand the nature of the gene-environment interplay in relation to CU traits, 
as well as the challenges that gene-environment correlation may pose for therapeutic 
interventions. For instance, if part of the parenting–CU traits association in early childhood 
reflects family-wide genetic risk (i.e., passive gene-environment correlation), we need to better 
understand intergenerational risk profiles, and how those contribute to family interaction 
patterns. Similarly, genetically mediated personal characteristics may partly determine to what 
kinds peer environments a child is exposed to (i.e., evocative and selective gene-environment 
correlation).  
Finally, it is noteworthy that most CU items used in the current study are also valid 
indicators of the low Agreeableness trait from the Five Factor Model (Costa & McCrae, 1992). 
Accordingly, several studies have shown that CU traits and low Agreeableness overlap 
substantially (e.g., Assary, Salekin, & Barker, 2015; see Frick & Ray, 2014). The present results 
should therefore be placed in a larger trait perspective; they should be replicated with normative 
traits such as Agreeableness, and efforts should be put towards determining whether genetically 
informative results pertaining to CU traits have resonance in normal personality functioning. 
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Table 1 
Descriptive Statistics for Callous-Unemotional Traits at 7, 9, 10 and 12 Years 
 Variable  M (SD) Skewness (±2*SE)  Kurtosis (±2*SE)   α 
CU 7 years .24 (.34)   1.72 (1.55-1.89)    2.79 (2.45-3.13) .73 
CU 9 years .27 (.39)   1.62 (1.45-1.80)    1.97 (1.62-2.33) .76 
CU 10 years .25 (.37)   1.87 (1.69-2.04)    3.63 (3.28-3.98) .75 
CU 12 years .23 (.34)   1.84 (1.64-2.03)    3.44 (3.05-3.83) .76 
Note. α = Internal consistency coefficient (alpha); n = Number of participants for each variable. 
There was an increase in sample size from ages 9 to 10 years as some families that initially 
enrolled in the QNTS only provided data from 10 years onwards. 
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Table 2 
Estimates of Genetic and Environmental Parameters (with 95% Confidence Intervals) for Full 
and Nested ACE Models of Callous-Unemotional Traits at 7, 9, 10 and 12 Years 
 Parameter Estimates Fit Indices 
Age a2 [CIlower-CIupper] c
2 [CIlower-CIupper] e
2 [CIlower-CIupper]   -2llΔ RMSEA AIC 
7 years       
    ACE .46 [.30-.61] .00 [.00-.00] .54 [.39-.70] – .00 2299.60 
    AE .46 [.30-.61] – .54 [.39-.70] .00 .00 2297.61 
    E – – 1.00 [1.00-1.00] 32.23* .13 2345.08 
9 years       
    ACE .59 [.47-.72]  .00 [.00-.00] .41 [.28-.53] – .00 2043.43 
    AE .59 [.47-.72] – .41 [.28-.53] .00 .00 2041.43 
    E – – 1.00 [1.00-1.00] 63.94* .18 2123.71 
10 years       
    ACE .39 [.22-.57] .00 [.00-.00] .61 [.43-.78] – .01 2161.62 
    AE .39 [.22-.57] – .61 [.43-.78] .00 .01 2159.62 
    E – – 1.00 [1.00-1.00] 27.69* .12 2193.91 
12 years       
    ACE .35 [-.21-.91] .13 [-.32-.58] .52 [.33-.71] – .02 1714.75 
    AE .50 [.33-.67] – .50 [.33-.67] .33 .00 1713.38 
    CE – .38 [.25-.52] .62 [.48-.75] 1.35 .03 1715.87 
    E – – 1.00 [1.00-1.00] 21.66* .14 1754.27 
Note. Best fitting models are highlighted in bold. All CU scores were age- and sex-regressed. 
A = additive genetic factors; C = shared environmental factors; E = non-shared environmental 
factors or measurement error; -2llΔ = differences in -2ll (minus two times the log likelihood 
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value) values between the fuller model and each reduced model; RMSEA = root mean square 
error of approximation; AIC = Akaike’s index of parsimony. A nested CE model was only tested 
for the fourth wave, where C did not equal zero. Fit did not deteriorate in comparison to the full 
ACE model, but it was still lower than that of the AE model, to which the E model was then 
compared. 
* p < .001. 
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Table 3 
Test Statistics for the Latent Growth Curve and Cholesky Decomposition Models for Callous-
Unemotional Traits at 7, 9, 10 and 12 Years 
Model     -2llΔ    RMSEA   AIC   BIC  CFI 
   Saturated        –        .01 7855.54 8061.09  1.00 
   Latent growth curve 
   Cholesky 
    41.09 
    32.20 
       .00 







Note. All CU scores were age- and sex-regressed. -2llΔ = scaled differences in -2ll (minus two 
times the log likelihood value) values between the saturated model and each reduced model; 
RMSEA = root mean square error of approximation; AIC = Akaike’s Information Criterion; BIC 
= Bayesian Information Criterion; CFI = Comparative Fit Index.   
 LONGITUDINAL TWIN CALLOUS-UNEMOTIONAL, 36 
 
Table 4 
Latent Growth Curve Model for Callous-Unemotional Traits at 7, 9, 10 and 12 Years (nmz = 218; 
ndz = 317 pairs) 
            Unstandardized variance components Factors (%) 
     A         C         E  
Factors       
   Intercept (%)  .63 (89)     .17 (6)     .15 (5)  
       95% CI  .45–.80  -.29–.62     -.04–.33  
   Slope (%) -.02 (0)     -.21 (86)     .08 (14)  
       95% CI -.19–.17    -.31-.10     -.05– .21  
   G/E correlations .00      .00      .00  
Residuals       
   Wave 1 (%) .27 (7)     .00 (0)     .73 (51) 42 
       95% CI -.07–.60       .63–.82  
   Wave 2 (%) .44 (18)     .00 (0)     .61 (35) 47 
       95% CI .28-.60       .50–.71  
   Wave 3 (%) .02 (1)    .00 (0)     .73 (49) 51 
       95% CI -2.67–2.72        .62–.84  
   Wave 4 (%) .30 (7)    .00 (0)     .63 (32) 61 
       95% CI -.04-.61       .49–.77  
Note. Statistically significant parameters are highlighted in bold. All CU scores were age- 
and sex-regressed. A = Additive genetic component; C = Shared environmental component; E = 
Non-shared environmental component; Factors (%) = Percentage of variance on each wave 
accounted for by the latent factors (intercept and slope); 95% CI = 95% confidence intervals; 
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G/E correlations = genetic and environmental correlations between the intercept and the slope. 
Unstandardized estimates are presented; the proportion of variance accounted for is in 
parentheses. The following parameters were fixed to 0: C at all waves, A, C and E specific to the 
Slope. A, C and E correlations between the Intercept and the Slope.  
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Table 5 
Unstandardized Path Estimates (With 95% Confidence Intervals) for the Four-Factor Cholesky Decomposition Model for Callous-
Unemotional Traits at 7, 9, 10 and 12 Years (nmz = 218; ndz = 317 pairs) 
Age A1 [CIlower-CIupper] (%) A2 [CIlower- CIupper] (%) A3 [CIlower-CIupper] (%) A4 [CIlower-CIupper] (%) Total a
2 [CIlower-CIupper] 
7 yrs .69 [.55-.83] (47)    .47 [.32-.62] 
9 yrs .54 [.37-.70] (29) .55 [.36-.73] (30)   .59 [.47-.71] 
10 yrs .53 [.32-.75] (28) .23 [-.02-.48] (5) .29 [.05-.53] (8)  .41 [.25-.56] 
12 yrs .35 [.16-.54] (12) .38 [.14-.62] (14) .38 [-.08-.84] (14) .36 [-.08-.81] (13) .52 [.37-.68] 
Age E1 [CIlower-CIupper] E2 [CIlower-CIupper] E3 [CIlower-CIupper] E4 [CIlower-CIupper] Total e2 [CIlower-CIupper] 
7 yrs .74 [.64-.84] (53)    .53 [.38-.68] 
9 yrs .02 [-.12-.16] (0) .64 [.54-.73] (41)   .41 [.29-.53] 
10 yrs .03 [-.11-.17] (0) .13 [-.04-.31] (2) .77 [.68-.86] (57)  .59 [.44-.75] 
12 yrs .13 [-.01-.27] (2) .00 [-.16-.17] (0) .16 [.00-.32] (2) .68 [.57-.78] (44) .48 [.32-.63] 
Note. Statistically significant paths are highlighted in bold. All CU scores were age- and sex-regressed. % = proportion of the total a2 or e2 
parameter accounted for by the path estimate. 
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Figure 1. Path Diagram of the Latent Growth Curve Model for Callous-Unemotional (CU) Traits 
at 7, 9, 10 and 12 years (This diagram represents only one twin in a pair, although the model is 
identical for the co-twin). 
 
 
